In this paper, we apply threshold estimation techniques to study the size-performance relation in the US mutual fund industry. The existing studies have found diseconomies scale, and we add our contribution to this by considering possible non-linear decreasing returns to scale caused by fund age and manager tenure. We find significant threshold effects of both fund age and manager tenure at approximately three to four years in the size-performance relation. Compared with younger funds, older funds have severe decreasing returns to scale as the industry size increases.
Introduction
The size effect on active mutual fund performance has long been studied, and a number of studies have reported decreasing returns to scale. At the fund level, Berk and Green (2004) argue that fund performance deteriorates because of the increase in various trading costs and of the decrease in returns to scale brought by huge capital inflow. Chen et al. (2004) find an evidence of fund-level decreasing returns and argue that low liquidity is the major cause of the diseconomies of scale. Pástor et al. (2015) first investigate industry-level size effect and conclude decreasing returns to scale as the fund industry size grows.
In this paper, we focus on the threshold effect of industry size on fund performance. We explore potential difference in fund size effects with respect to fund age and tenure of fund managers. This is motivated by the findings in Pástor et al. (2015) that younger funds outperform older funds with better skills. Pástor et al. argue that active mutual fund industry has become more skilled over time but the upward trend in skill coincides with industry growth which makes it harder for fund managers to outperform.
If younger funds have superior features including the avoidance of competition by new strategies that differ from those of incumbents, younger funds may experience lesser degrees of erosion in a crowded industry than older funds. We examine this hypothesis by investigating the difference in the returns to scale between young and old funds based on the threshold model (Hansen, 1999) . In particular, we use fund age and manager tenure as threshold variables and 3 estimate a threshold model for the US actively managed equity mutual fund market from 1979 to 2013. The advantage of our model is that it can define young and old funds endogenously.
Our results show that the thresholds exist for both fund age and manager tenure at approximately three to four years. More importantly, young funds experience less performance erosion than old funds in all regression specifications and samples. These findings are consistent with the hypothesis that new entrants are managed by a more knowledgeable investment team than existing funds are. Young funds tend to be less affected by an increasing industry size compared with old funds. Such results remain statistically significant after controlling for fund size and other fund liquidity factors. Hence, differences in liquidity characteristics could not fully explain the lower sensitivity of young funds to the increase in industry size. Our findings are consistent with the studies which argue required skills in financial industry (e.g. Philippon and Reshef, 2012) ; young funds may benefit from better education and knowledge about relevant technology of fund management experts.
The rest of this paper is organized as follows. Section 2 introduces our main methodology.
Section 3 describes the data. Section 4 presents our empirical results and discusses related issues.
Section 5 concludes the paper.
Methodology

Fixed Effect Model
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We first consider a fixed effect (FE) model without threshold to investigate the size-performance:
where GrossR it is the monthly return of fund i in period t that is adjusted on the basis of the three-factor model of Fama and French (1997) , plus the monthly expense ratio.
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InduSize t-1 is the size of the active mutual fund industry and measured by the lagged ratio of the sum of assets under management (AUM) of all funds to the aggregate asset value of the US stock market. Here, a i is the fixed effect, which measures investment skill of fund managers. The effects of industry size on mutual fund performance is therefore captured by β. A negative β represents inverse relationship between the scale of industry size and fund returns.
Fund size can be added to the model to control for the fund size effect:
where FundSize it-1 is the lagged value of the AUM of fund i. The reason for introducing a i in previous models is to control for unobserved characteristics of funds. If ordinary least squares (OLS) specifications without fund FEs a i are used, omitted variable bias emerges because of the potential relation between the unobserved effects of skills of fund managers and fund flows. 2 The FE model reduces the effects of this problem. However, another bias related to β 2 may exist because of the demeaning procedures in the OLS-FE model, as 1 The expense ratio reflects the raw performance of a fund in the market before distribution to clients. 2 The omitted variable bias has been observed in many studies. See Chen et al. (2004) and Reuter and Zitzewitz (2010) . 5 mentioned by Chen et al. (2004) . To address the second bias, Pástor et al. (2015) employ the recursive demeaning (RD) method by Hjalmarsson (2010) . Such bias will not be discussed in the study given that the effect of fund size is not our core interest. This RD approach is used only when fund size is included in the regression. 3
Threshold Model
Our key interest is to investigate the difference in the performance erosion of young and old funds under industry competition. To define young and old funds endogenously, we apply the threshold model of Hansen (1999) . Our threshold model is as follows:
where d it-1 is either the fund age or fund manager tenure measurement for distinguishing between young and old funds. Thus, β 1 and β 2 represent the effects of industry size on the performance of a fund before and after the threshold γ, respectively.
Fund age refers to the period since a fund was launched. It is a common measurement of how old a fund is. Manager tenure (denoted by MgrTenure) refers to how long a manager manages a fund. Every new management is considered as a form of rebirth because a new manager may alter fund portfolios according to his or her investment philosophy. Therefore, a 6 fund can be regarded as a young fund when management changes. The period when a current manager takes control is thus used as another fund age measurement.
MgrTenure is, however, not an ideal measurement of a fund manager's experience, which should be related closely to the individual's age, education, or experience in the financial industry. In the succeeding sections, MgrTenure cannot yield robust conclusions in some cases.
Considering the data availability, MgrTenure remains a candidate for age measurement.
Our threshold effect is embedded in the original FE model. The FE model identifies the variation of performance and size within a fund. In the FE model, the coefficients β 1 and β 2 represent the effects of industry size on a fund's performance before and after the threshold, respectively. According to this identification strategy, when fund age exceeds the threshold, industry size effect significantly affects fund returns. Such effect can be measured by the difference between β 1 and β 2 .
The estimation is implemented on the basis of the work of Hansen (1999) . γ is estimated
where S(γ) is the sum of squared errors (SSE) of the OLS estimation. To obtain the estimate, we sort the value of the threshold variables in our sample and obtain 400 quantiles in increasing order. Using these quantiles as thresholds, we estimate an OLS regression and select γ that yields 7 the smallest value of SSE. Finally, the estimators of betas are evaluated at the estimated threshold:
 ( ) .
Data
The mutual fund data that support the findings of our study are obtained from the CRSP Survivor-Bias-Free US Mutual Fund Database which is openly available in the center for research in security Prices (CRSP) at http://www.crsp.com/products/research-products/ crsp-survivor-bias-free-us-mutual-funds. We mainly follow the steps implemented by Pástor et al. (2015) in cleaning the data 4 , except for the merging of the two data sets (CRSP and Morningstar databases) and determining their commonalities.
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We first select observations of open-end active management funds in the US equity market.
Only observations in CRSP with documented fund styles, cap-based domestic equity and style-based domestic equity, are selected in our sample to reflect the overall situation of equity mutual fund market. Bond funds, money market funds, international funds, funds of funds, and retirement target funds are excluded from the sample because our priority is to focus on the 4 Pástor et al. (2015) followed the data cleaning procedures of Berk and Van Binsbergen (2015) , who presented more than 20 pages of data cleaning procedures. Both cleaning procedures are used as references. 5 We only have access to CRSP; thus, discrepancies may occur between our data and theirs. A cleaner data set can be part of our improvement effort in the future. However, many previous studies, such as Chen et al. (2004) , have only used the CRSP data set to construct their mutual fund data. Hence, the CRSP data set is temporarily used in this paper. GrossR is the monthly return of the fund after adjusting performance by the monthly expenses ratio and on the basis of the three-factor model of Fama and French (1997) . GrossR measures a manager's performance before distribution to clients.
FundSize is the monthly AUM of the fund, which is inflated by multiplying the ratio of the aggregate stock market value in December 2013 and the corresponding value of the present month.
InduSize is the ratio of the sum of AUM of all funds to the aggregate asset value of the US stock market. The asset values of all stocks listed on the US equity market are included to reflect the industry size of the active equity fund market, which matches our universe of domestic equity funds. In the process of computation for industry size, we fill the missing fund size values by referring to the fund returns in the specific month. InduSize measures the percentage of values of total assets owned by the mutual fund market in the aggregate asset value of the US stock market.
The growth of industry size is presented in Panel B in Figure 1 , in which the market share of 10 mutual funds in the US stock market is shown to increase from below 1% to approximately 10% of stocks in the past 30 years.
In terms of age variables, FundAge is the length of time since the fund was launched, while
MgrTenure is the length of time since the beginning of the control of the current management.
Although we can easily compute FundAge using the current date and the date when the fund was launched in CRSP, MgrTenure should be obtained carefully because CRSP does not directly provide manager tenure data. We use the fund header history data in CRSP to generate
MgrTenure by searching for changes in fund manager information over time. All the changes are documented to calculate the tenure of each manager. 
Results
Returns to Scale at Industry Level
In Table 2 , we report the results of decreasing returns to scale on performance at the industry level, which is consistent with Pástor et al. (2015) . In particular, a 1 percentage point increase in industry size is associated with 0.0312% decrease in monthly performance, which equates to 37 basis points (bps) per year. Note that the 1 percentage point increase in industry size takes 11 approximately 3.5 years in the sample.
TABLE 2 HERE
If the variable, fund size, is controlled for, we still observe a significantly inverse relationship between size and performance at the industry level, as shown in Column 2. In addition, in the FE model, the fund size effect is significantly negative. However, the fund size effect becomes insignificant when the bias-free RD method is used, as shown in Column 3.
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The decreasing returns to scale at the industry level is consistent with the efficient market hypothesis. Most mutual funds are institutional investors in the market. The market becomes increasingly efficient over time as the asset value of the mutual fund increases.
Threshold Effect on Size-Performance Erosion
Now we consider threshold effects on size-performance erosion. We use two different age measurement thresholds to investigate the effects of industry size on active mutual fund performance: MgrTenure and FundAge. These results are reported in Table 3 and Table 4 respectively. Our goal is to investigate if there is any statistical difference of the effects of industry size on a fund's performance before and after the thresholds. Table 3 reports the results of using manager tenure (i.e. MgrTenure) as a threshold variable for both the main and the extended samples.
Manager tenure as a threshold
TABLE 3 HERE
Column 1 presents the threshold and the coefficient estimates of gross returns on industry size without controlling for any variables. Column 2 extends the results by controlling for the fund size. In Columns 1 and 2 of Panel A, the threshold estimates for manager tenure are close to 1,600 days, approximately 4.4 years. The plot of likelihood ratio is shown in Figure 2 . We follow the method of Hansen (1999) in plotting the likelihood ratio and computing the 95% confidence interval. On the basis of the asymptotic distribution of threshold estimates, we find the 95% confidence intervals of [1587, 1603] and [1588, 1604] , which are close to the threshold point estimates for roughly one month.
FIGURE 2 HERE
A fund younger than 4.4 years has smaller decreasing returns to scale of industry size than a fund over the aforementioned period; the difference is 0.01%, which is equal to 12 bps per year 13 and is statistically significant at the 1% level.
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It suggests that young funds suffer less erosion of performance as a result of increasing industry competition than old funds. Such difference is also observed in the extended sample, as listed in Panel B of Table 3 . Although the scale is different, the difference between young and old funds remains at 0.01% regardless of the samples and the presence of control variable, fund size. The estimated threshold is also used to perform the RD method for fund size, and the results are shown in Column 3. The difference between young and old funds remains significant despite the insignificant fund size effect. Table 4 presents the results of using FundAge as a threshold. In Column 1, the threshold estimate is 1,608 days (4.4 years), which is close to the value estimated with manager tenure as a threshold. After controlling for fund size at the same time, the threshold reverts to 1,209 days (3.3 years), as shown in Column 2. Similar to the case of using manager tenure as a threshold, changes in industry size cause less performance erosion of young funds (10 to 25 bps) than of old funds. In Column 1 of Panel A, a young fund shows rising returns to scale of 0.01% per month, whereas an old fund shows decreasing returns to scale. In Column 2, the difference between the two coefficients is approximately 0.02. The RD method is applied when fund size is included, and the results are shown in Column 3. The difference in performance erosion of young 14 and old funds remains even when using the bias-free method. Similar patterns of difference are also observed in our extended sample, which is listed in Panel B of Table 4 .
Fund age as a threshold
TABLE 4 HERE
Test for the threshold effect
To show that the threshold effect is statistically significant 10 , we test the following hypothesis:
The likelihood ratio for the test is
We do not theoretically derive a standard asymptotic distribution of F 1 because the threshold is endogenously determined; instead, we bootstrap the p-value for the test statistics.
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The results are presented in Table 5 . Columns 1, 2, 3, and 4 show the test results of the regressions in Columns 1 and 2 of Tables 3 and 4 . In all of the threshold model specifications, large F 1 and small p-value are found. The null hypothesis is rejected at the 1% significance level. Therefore, threshold effects of fund age and manager tenure exist in the size-performance relation. In addition, R-squared notably increases when the threshold model is employed. Although R-squared remains small in the original FE regression, it increases by at least five times when the threshold model is used instead.
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TABLE 5 HERE
To summarize, considering both manager tenure and fund age, threshold effects are found in the relation between industry size and fund performance. For a fund with more than four-year history, expanding industry size brings a more negative effect on its performance. This observation suggests that a fund's performance is likely to worsen as the industry size increases, particularly when a fund exceeds the age threshold. Therefore, a young fund will experience a lesser degree of performance erosion compared with an old fund.
TABLE 6 HERE
We further explore the different results between the two thresholds, MgrTenure and FundAge. Table 6 presents the statistics of young and old funds, and Figure 3 specifies the proportion of 12 As indicated by Pástor et al. (2015) , the R-squared of the regression of the gross return on industry size is small at only 0.0005. Therefore, gross return should not be significantly correlated with industry size. We arrive at similar results in our work. Still, R-squared increases five times from 0.0002 to 0.001 when threshold effect is included. 16 young funds in the industry. Considering the threshold of manager tenure, the percentage of young funds in the sample decreases from 80% to approximately 55%. Considering the threshold of fund age, the percentage decreases from 50% to 30%. Figure 3 shows that the proportion of young funds is declining over time, especially in the 2000s. Therefore, the net entry (entry minus exit) of mutual funds decreases as the industry develops.
FIGURE 3 HERE TABLE 7 HERE
The estimation results for MgrTenure and FundAge are not completely identical. However, the threshold estimates are similar, and young funds continue to experience a lesser degree of performance erosion than old funds. These findings can be explained by the statistics of MgrTenure and FundAge. The frequencies of changes in fund managers over time are shown in Table 7 . Approximately 50% of the recorded funds have no changes in fund managers. For these funds, FundAge equals MgrTenure, indicating a partial overlap. Therefore, the threshold estimates using FundAge and MgrTenure are considerably close.
Controlling for Other Fund Liquidity Factors
Why do young and old funds differ in terms of returns to scale? To test the hypothesis that liquidity constraint is a major reason for the negative size-performance relationship at the fund and industry levels, we control for liquidity characteristics to examine whether or not the threshold effect between young and old funds is driven by their difference in liquidity.
We consider three liquidity factors: small-cap fund indicator (I(Sml)), turnover ratio (Turn), and abnormal return standard error (Std(AbnRet)). Small-cap funds largely invest in small-cap stocks, thus exerting a large effect on the prices. The turnover ratio measures how actively a fund allows changes to the portfolio. Abnormal return standard error measures how volatile the active portfolios are, given that an abnormal return is the return adjusted by a benchmark. Table 8 presents the results of the threshold regression with liquidity factors. The small-cap fund indicator, turnover ratio, and abnormal return standard error are interacted with the industry size in our threshold models. First, liquidity constraint still explains the decreasing returns to scale. In Columns 1, 2, and 3, the liquidity constraint holds because all the coefficients are negative and significant. This result indicates that funds with lower liquidity tend to suffer a higher level of decreasing returns to scale. Second, young funds still experience less erosion of performance than old funds after controlling for liquidity factors. A young small-cap fund suffers less decreasing returns to scale than an old small-cap fund; the same is true for the turnover ratio and average abnormal return cases. Although only MgrTenure is used as the threshold in Table 8,   18 consistent results can be obtained when FundAge is used. The difference still holds when the fund liquidity characteristics are included, indicating that the liquidity difference cannot explain why the two groups differ.
TABLE 8 HERE
Management Skills and Trading Strategies
A possible explanation for the young and old fund difference with respect to the size-performance is that new entrants can be better equipped. First, young funds might benefit from talented fund managers with knowledge on new technology. Young funds can have superior knowledge of stock selection and thus be less affected by increasing competition in the industry. This is consistent with the findings that the financial industry is packed with highly skilled financial talents in recent years.
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With relatively sound academic background and better knowledge of technology, new fund managers are better at identifying financial products that are undervalued but with good quality.
Second, a young fund needs to have good and stable performance to win the AUM from incumbents. Wahal and Wang (2011) find that the competition has become fiercer in the US mutual fund market. Thus, new entrants must possess excellent skills when entering the market to overtake some of the existing funds. For the sake of reputation, new funds have a high incentive to outperform others, and an increasing industry size will not result in considerable performance erosion. This situation also explains why new funds have relatively smaller negative (or even positive) size-performance relationship compared with that of old funds.
To test the aforementioned hypothesis, we implement a trading strategy to compare the performance of young and old funds. We first classify the funds by young and old portfolios on the basis of the estimated thresholds of fund age and manager tenure. To construct the portfolios, we buy young funds and sell old funds. Our estimation is based on lagged values, and hence, at the beginning of each month, the two portfolios are rebalanced by the fund age or the manager tenure of the preceding month end. Thereafter, we identify the differences among returns in the current month and repeat such exercise in the subsequent months to obtain a series of returns.
The gross and adjusted net returns for calculation of the profits of the trading strategy are computed. Rather than using point estimates, we employ the confidence intervals, and 180 days before and after the threshold estimates are used to construct broad definitions of the thresholds.
Funds between ages of zero and the lower bound of the thresholds are young funds, whereas those at ages above the upper bound of the thresholds are old funds.
Pástor et al. (2015) implement similar age-based hypothetical trading strategies to examine the age-performance relation across funds. However, both young and old funds in the aforementioned studies are arbitrarily defined according to four age groups, without explicit evidence namely, 0 to 3, 3 to 6, 6 to 10, and above 10 years. In this paper, we improve the foregoing measurement and perform a trading strategy by using the estimated thresholds to 20 construct the portfolios of young and old funds. Tables 9 and 10 present the results of our trading strategy based on FundAge and MgrTenure. When FundAge is used, results of Panels A and B in Table 9 imply that new entrants to the mutual fund industry have superior performance. Returns are shown in all eight cases; six of these cases are statistically significant at the 5% level, except the extended sample with the gross return measured for which the positive returns are significant at the 10% level. In our main sample, the strategy of buying young funds and selling old funds yields an average of 0.045% monthly gross return and 0.05% monthly net return. These figures are approximately 0.5% and 0.6% of the annual gross and net returns, respectively, and are both significant at the 5% level. These results also hold regardless of whether the fees before measurement (gross return) or fees after measurement (adjusted net return) are used to represent performance in both our samples.
TABLE 9 HERE TABLE 10 HERE
However, we have different results when using MgrTenure as the threshold. Table 10 shows that when MgrTenure is used to identify young and old funds and to perform trading strategies, the differences between young and old funds are statistically insignificant in all cases. The "buy young, sell old" strategy even yields a negative average return in the main sample.
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The insignificant result of the MgrTenure trading strategy might be due to the data limitation of manager tenure and limitations of our treatments in the study. First, fund managers' years of relevant work experience, which is not available in our sample, would be better measurements. For example, a fund manager who manages a new fund is likely to have relevant working experience in the industry. However, such individuals are treated as a brand new manager in our sample. Second, as documented in Massa et al. (2010) , CRSP has noise in the fund management data, which may affect the accuracy of our calculation. For example, CRSP treats a fund as having no change of management if the fund is documented as "team-managed".
A further study on the effects of turnover of management of funds with more accurate data is necessary to decide whether such change has significant impact on fund performance. Lastly, a fund manager with either good or bad performance can leave a fund for various reasons.
Therefore, the implementation of the trading strategy based on MgrTenure might not provide useful insights.
The difference between young and old funds in terms of performance is not the result of their difference in risk levels. Young funds may hold riskier portfolios to outperform old funds and succeed by accident. However, Chevalier and Ellison (1999) find that compared with older managers, younger managers tend to be more conservative and have more conventional portfolios for job security. The "buy young, sell old" strategy also yields positive returns after the risk levels of funds are controlled for because the Fama-French three-factor alpha is used to 22 implement the trading strategy, as discussed in Section 4.4. To consider other risk factors, the Carhart four-factor alpha (Carhart, 1997) is also used to evaluate the returns of the trading strategy. Table 11 shows that the trading strategy still generates significant positive returns.
TABLE 11 HERE
In conclusion, significant and positive returns are obtained with FundAge as a threshold by employing the "buy young, sell old" trading strategy. Again, this result is not valid if MgrTenure is used instead of FundAge.
Attractiveness of Old Funds
The results presented in Section 4.3 show that young funds outperform old funds and experience a smaller degree of performance erosion as the industry size grows. Why do people still prefer old funds and not completely switch to young funds? Table 6 and Figure 3 show that old funds have been taking up a large percentage in the industry, whereas young funds have covered a smaller percentage since the 2000s. The number of old funds is also increasing as the industry size grows. This scenario is contrary to our findings regarding fund performance. Two explanations are provided. One explanation pertains to risk aversion. Young funds have shorter track records of their profitability. It would be risky for investors to switch to young funds, even though they show better returns in their first three to four years. In this circumstance, investors 23 are more likely to invest in old funds. Another explanation is that some institutional investors may have inertia to fund performance, particularly that of pension plan assets. Several studies have determined that pension plan assets in mutual funds are sticky and not discerning. 14 As discussed by these studies, pension plan assets in the mutual fund market are sticky and insensitive to past fund performance. Pension plan participants tend to employ naive investment strategies; they also rebalance and trade their portfolios infrequently because of their long horizons and different tax concerns. Consequently, these pension plan participants may hold a fund for a long period, which may explain why old funds are still popular in the mutual fund market.
TABLE 12 HERE
To see whether institutional investors take up a large percentage in the mutual fund industry, Table 12 examines the number of young and old funds across time. Institutional funds aim at attracting institutional investors, such as pensions, foundations, and endowments. Institutional funds often have low expenses and loads but require a minimum investment share. In the CRSP database, the information on whether the fund is institutional only covers the period after 1999; thus, we summarize the number among young and old funds (with fund age as the threshold) 14 For example, see Benartzi and Thaler (2001) and Dahlquist and Martinez (2015) .
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with the available data in the selected year-ends. We classify a fund as "institutional" if one of the share classes of the fund is documented as an institutional fund in the database. As shown in Table 12 , young funds have a similarly large percentage of institutional funds, although the number and the percentage are smaller compared with those of old funds.
However, it should be noted that the data only cover the period since 1999; thus, several data are missing compared with our full sample of funds. In addition, Pan et al. (2014) 
Robustness
In this section, we examine the robustness of the threshold effect and the different degrees of performance erosion of young and old funds. Our results are robust to different samples after controlling for fund size in the explanatory variables. Section 4 presents the results of both the main sample and the extended sample . In both samples, our threshold estimates and the differences between young and old funds remain consistent. When fund size is added as an explanatory variable, the threshold estimates and the differences between young and old funds do not change.
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Another concern is incubation bias. Evans (2010) finds that mutual fund families start multiplying small-size funds privately and only release those with good performance to the public at the end of an evaluation period. The incubation funds may have inflated performance in the early stage because they are allowed to use their historical performance as track record. This scenario makes our inference on the difference between young and old funds biased.
TABLE 13 HERE
To solve the aforementioned problem, observations of funds with sizes smaller than $15 million are excluded during the data learning stage. As a robustness check, the first two years of records since the funds' inception are also excluded to examine the threshold estimates and the difference in parameters, following the methods of Evans (2010). Table 13 shows the results. The difference between young and old funds in terms of industry size erosion remains robust. Young funds still have less performance erosion than old funds; the former even have positive returns to scale. The threshold estimates remain approximately four years; the exception is in Panel B, Column 1, which notes an increase to five years. The increment is the result of the data trimming of the first two years. This step considerably reduces the number of observations that lie before the threshold estimate. Regardless of the change in the point estimate, the confidence interval 26 remains close to four years. These results suggest that our threshold effects and the difference between young and old funds are not affected by incubation bias.
Conclusion
In this study, we analyze the nonlinear effect of the decreasing returns to scale of industry size on mutual fund performance. We apply the threshold model to estimate the effects of industry size on fund performance in the US mutual fund market. Threshold estimates of critical fund age and manager tenure are obtained in our sample. This result is in line with those of the studies on mutual performance persistence. We also acquire evidence that young funds suffer less from industry size erosion than old funds. Such difference between young and old funds still holds when fund liquidity characteristics are controlled for. We argue that the difference in the degrees of performance erosion is caused by the superior features of young funds. This hypothesis is tested by employing a "buy young, sell old" trading strategy on the basis of our threshold estimations. This strategy yields significant and positive returns over the years, indicating that young funds are better equipped than old funds. We also explore the issue of investors' continuous investment in old funds despite the inferior performance of such funds and explain it by the loyalty effect and investment inertia in the mutual fund market. This table shows the summary statistics. Net return is the monthly net return of management fees and related operation fees. Adj. return is the net return adjusted for the Fama-French three-factor model. GrossR is the adjusted return plus expense ratio, which is the monthly expense (i.e., Expense) on fund management and operation. IndustrySize is the ratio of the sum of assets under management of all funds to the aggregate asset value of the US stock market. FundSize is the net asset of a fund at each month end, adjusted to the dollar rate in December 2013. MgrTenure is the manager tenure, which is calculated by the days elapsed since the current manager took control. FundAge is the age since the start of a fund.
Turnover is the adjusted-to-month turnover of aggregated sales or aggregated purchases of securities divided by the average 12-month total net assets. 1(SmlCap) is used to indicate whether a fund is a small capitalization fund, defined as funds with parameters of small-minus-big factor (Fama-French three-factor model) over 0.5. Std(AbnRet) is the standard deviation of the adjusted returns (or the alpha of funds) in the Fama-French three-factor model. Correlations between fund characteristics are presented in Panel B. γ is the threshold parameter used to separate young and old funds. We also report the 95% confidence intervals, which are calculated by the likelihood ratio. InduSize is the ratio of the sum of assets under management of all funds to the aggregate asset value of the US stock market. I(MgrTenure < γ) and I(MgrTenure≥γ) are the parameters of young and old funds, respectively. FundSize is the net asset of a fund at each month end, adjusted to the dollar rate in December 2013. RD is the recursive demeaning method proposed by Hjalmarsson (2010); our estimation treats the thresholds as given in Column 3. We use the standard error clustered by fund and report the t-statistics in the parentheses. The results on FundSize are multiplied by 10 6 for enhanced readability. We report the results of both the main and the extended samples.
Panel A: Main Sample (1993 -2013 (1) FE (2) Panel B: Extended Sample (1979 -2013 (1) FE (2) γ is the threshold parameter used to separate young and old funds. We also report the 95% confidence intervals calculated by the likelihood ratio. InduSize is the ratio of the sum of assets under management of all funds to the aggregate asset value of the US stock market. I(MgrTenure < γ) and I(FundAge≥γ) are the parameters of young and old funds, respectively. FundSize is the net asset of a fund at each month end, adjusted to the dollar rate in December 2013. RD is the recursive demeaning method proposed by Hjalmarsson (2010); our estimation treats the thresholds as given in Column 3. We use the standard error clustered by fund and report the t-statistics in the parentheses. The results on FundSize are multiplied by 10 6 for enhanced readability. We report the results of both the main and the extended samples.
Panel A: Main Sample (1993 -2013 Panel B: Extended Sample (1979 Sample ( -2013 (1 IndustrySize is the ratio of the sum of assets under management of all funds to the aggregate asset value of the US stock market. FundSize is the net asset of a fund at each month end, adjusted to the dollar rate in December 2013. The interaction terms are formed by InduSize and FundSize with I(sml), Turn, and Std, which represent the indicator of small-cap funds, turnover ratio, and standard deviation of abnormal return, respectively. We use "_yng" and "_old" to mark the coefficients of the young and old funds, respectively. We use the standard error clustered by fund and report the t-statistics in the parentheses. The results on FundSize are multiplied by 10 6 for enhanced readability.
Main Sample
(1) (2) result of the "buy young, sell old" trading strategy. At the beginning of each month, we rebalance the two equally weighted portfolios by the fund age of the preceding month end. Thereafter, we obtain the differences in the returns in the current month, repeat this process every month, and compile a series of returns. We use the gross and net returns adjusted with the Fama-French three-factor model for evaluation. We report the means and t-statistics of both portfolios and the difference between the complete strategies, as shown in Columns 1, 2, and 3. The significance level is based on the t-test. We use 180 days before and after the threshold and the confidence interval to provide broad definitions of young and old funds. result of the "buy young, sell old" trading strategy. At the beginning of each month, we rebalance the two equally weighted portfolios by the manager tenure of the preceding month end. Thereafter, we obtain the differences in the returns in the current month, repeat this process every month, and compile a series of returns. We use the gross and net returns adjusted with the Fama-French three-factor model for evaluation. We report the means and t-statistics of both portfolios and the difference between the complete strategies, as shown in Columns 1, 2, and 3. The significance level is based on the t-test. We use 180 days before and after the threshold and the confidence interval to provide broad definitions of young and old funds. At the beginning of each month, we rebalance the two equally weighted portfolios by the manager tenure of the preceding month end. Thereafter, we obtain the differences in the returns in the current month, repeat this process every month, and compile a series of returns. We use the returns adjusted with the Carhart four-factor model for evaluation. We report the means and t-statistics of both portfolios and the difference between the complete strategies, as shown in Columns 1, 2, and 3. The significance level is based on the t-test. We use a confidence interval to provide broad definitions of young and old funds.
Younger Funds (%) Older Funds (%) Difference (%) Table 4 , with FundAge as the threshold. Institutional funds are documented in the CRSP data set as fund header information.
